Recent research work on speckle patterns indicates a variation of the polarization state during propagation and its nonuniformly spatial distribution. The preliminary step for the investigation of this polarization speckle is the generation of the corresponding field. In this paper, a kind of special depolarizer: the random roughness birefringent screen (RRBS) is introduced to meet this requirement. The statistical properties of the field generated by the depolarizer is investigated and illustrated in terms of the 2x2 beam coherence and polarization matrix (BCPM) with the corresponding degree of coherence (DoC) η and degree of polarization (DoP) P . The changes of the coherence and polarization when the speckle field propagates through any optical system are analysed within the framework of the complex ABCD-matrix theory.
INTRODUCTION
The speckle pattern is one of the most important concepts in optics which describes the phenomena of fine-scale, highcontrast granular light intensity distribution caused by the interference of a coherent optical field within the scattering spot 1 . In the majority of studies on speckle phenomena, the random field is usually treated as a scalar random optical field. The main interest was in the statistical properties of their intensity and its changes during propagation, and it is implicitly asserted that polarization state will be maintained. Recent research work, both theoretical and experimental, indicates the variation of the polarization state during propagation and its non-uniform spatial distribution for the cross section of a speckle [2] [3] [4] [5] [6] . This special kind of speckle is named polarization speckle 6 or electromagnetic beam 4 . To illustrate the polarization variation together with the coherence property of fields, a 2x2 beam coherence and polarization matrix (BCPM) in the spatial-temporal domain was developed by F. Gori 7 and then expanded by E. Wolf to establish a unified theory of coherence and polarization within this framework 8 .
The basic premise of the investigation for the statistical properties of polarization speckle is the special kind of device/system which does not only diffuse the incident field but also scrambles its polarization like a depolarizer. Liquid-crystal (LC) spatial light modulators (SLMs) modulating only one of the two orthogonal field components were introduced as one of the most promising anisotropic depolarizer to give rise to a prescribed speckle field with particular spatial polarization properties 9 . The modulated field associated with the propagation in free space were investigated statistically, in terms of the BCPM implicating the polarization and coherence properties 4 . The general results for the propagation in arbitrary optical systems with finite-sized Gaussian apertures were also later derived 5 within the framework of the ABCD matrix theorm 10 . However, this device will impact one of the two orthogonal field elements and thus random modulation is not introduced to the whole field. Its de-coherence ability is restricted to generating a partially coherent field. Another typical method is to implement the de-coherence and depolarization functionalities by a train of different optical devices. A polarized beam splitter is used to split the beam into two orthogonal polarized components, and then by moving phase diffusers e.g. ground glass plates, incoherent random phase retardation are introduced to one 11 , or both split fields 6 . Subsequently, these two beams are combined again to generate the polarization speckle. This is entirely feasible. However, it is understandable that this system might be too complex and too bulky for some applications. The other problem is the uncertainty associated with the system by these multi-individual devices. where tr and det mean the trace and determinant of the matrix, respectively. The BCPM is also easy to be converted into Stokes' parameters 14 if found necessary.
For the field passing through a RRBS well aligned with the system, the vertical and horizontal polarized wave components are modulated by different phase retardations is the phase differences totally depending on the structural features of the RRBS. Here, we assume the surface roughness is in accordance with the widely accepted Gaussian-Gaussian model in order to achieve analytical expressions 17, 18 . Thus its thickness fluctuation is statistically defined in Gaussian terms with a zero mean and covariance 2 d σ . Furthermore, with the hypothesis of widesense stationarity, the lateral correlation has a Gaussian dependency on the location distance 
The double exponential function in the above equation will not render any analytical expressions for the propagated field. Depending on the different surface roughness, this expression could be approximated adequately. For a fully developed speckle generated by a heavy surface rough RRBS with large phase covariance In this way, the relation between the structural features of RRBS and its simultaneous depolarization and de-coherence ability is revealed. The statistical properties of the propagated polarization speckle are sensitive to both the fine surface structure of this depolarizer introduced here and the following propagation system which will be discussed in the next section.
PROPAGATION OF POLARIZAITON SPECKLE GENERATED BY RRBS
Within the paraxial approximation, the field propagation within an optical system with inherent Gaussian apertures could be calculated within the framework of complex ABCD theory. The output field ( ) o E p in the observation plane, is the integral of the modulated field ( ) ′ E r and the Green's transform kernel ( , ) G r p , which is given by 
Hence, the BCPM
W Wr , r r , p r, p rr p ,p (11) In the equations above, A, B and D are the complex elements of the ABCD matrix, which is determined by the multiplication of all individual optical components' ABCD matrices. Various typical optical components' matrices were provided in reference 10 , and the Gaussian shaped aperture was invoked for the sake of achieving analytical integrals and therefore provides attractable results of the general transmission function 10 . 
Equation (12) is the primary conclusion for the propagated polarization speckle generated by the RRBS. Based on these analytical results, the corresponding DOC and DOP for different propagation systems can be calculated easily in order to study the statistical properties of the polarization speckle's coherence and polarization states.
A free space system with a propagation distance z gives an ABCD matrix having the elements 
